Introduction
Bladder cancer (BC) is the second most common malignancy of the urinary tract (Hentschel et al., 2011) . On the other hand, 5% of all urothelial tumours are found in the upper urinary tract (Steffens and Nagel, 1988) . Diagnosis of urothelial cancer would require cystoscopy/ureteroscope and biopsy. Unfortunately, cystoscopy/ureteroscopy is invasive and is not acceptable for a considerable number of patients. Thus, the need for a reliable non-invasive diagnostic tool for urothelial cancer. Urine cytology is currently the gold standard for non-invasive methods of diagnosing urothelial cancer. Other modalities developed include molecular tumour markers. Fluorescence-in-situ-hybridization (FISH) is a multi-targeted technique designed to detect chromosomal aberrations associated with urothelial cancer, including aneuploidies of chromosomes 3, 7, and 17 and loss of 9p21. Studies done in the West have demonstrated that FISH has a higher sensitivity than cytology but a similar specificity, where the sensitivity was 76% (65-84%) and specificity was 85% (78-92%) (Mowatt et al., 2010) .
The aim of this study was to assess the sensitivity, specificity, positive and negative predictive value of the FISH test in a multi-ethnic population in Asia and to determine whether this test can be a substitute for cystoscopic or ureteroscopic examination in patients at risk of urothelial cancer or dysplasia in the bladder.
Materials and Methods
Between January 2004 and December 2011, 627 consecutive urine samples were tested with UroVysion which is a FISH test and were reviewed retrospectively. The hospital's ethics committee approved this study. Informed consent was obtained from all patients. Indications for UroVysion tests were patients with haematuria and/or past history of urothelial cancer on follow-up. Exclusion criteria were patients who refused to consent and those below the age of 18 years.
The UroVysion bladder cancer kit (Abbott Laboratories, Abbott Park, IL) was used in all cases. Cytospin preparations were created from fixed spontaneously voided urine samples. These samples were denaturized according to the manufacturer's protocol and hybridized using the FISHR multicolor probe blend (centromere samples CEP3, CEP7, and CEP17, as well as the DNA sample LSI 9p21). Uncombined samples were removed through wash steps and the nuclei were counterstained with 4',6-diamidino-2-phenylin-dole (DAPI).
After arrival at the laboratory, the urine samples were stored in a cool and dry place and worked up within 24-48 hours. The evaluation was performed microscopically in 25-50 morphologically "abnormal" cells from a urine sample as described previously (Papanikolaou and Marshall, 1945; Rathert and Roth; 1991) . A positive result was given if ≥2 copy numbers at defined loci of the chromosomes (3, 7, and/or a 17) were observed in at least 4 cells or if at least 12 cells did not show any detectable signal for 9p21 (Vysis, 2010) .
Patients then underwent cystoscopy/ureteroscopy and any lesion seen is biopsied. The results of the histopathological report of the bladder or ureteroscopic mucosal biopsy were evaluated with their respective UroVysion FISH test done prior to the endoscopic biopsy.
Data analysis was done using the Statistical Package for the Social Sciences (SPSS Inc., Chicago IL, USA) version 16. For the analysis of sensitivity, specificity, and positive/negative predictive values of UroVysion, a chi-square test was used, and a 95% confidence interval was considered.
Results
A total of 260 patients met the inclusion and exclusion criteria and underwent the UroVysion test followed by cystoscopic or ureteroscopic biopsies. The median age was 56.3 years (range 23-84). 185 (71.9%) were men.
Seventy UroVysion tests were positive (Table 1) . True positive was 33, of which 13 were found to have transitional cell carcinoma (TCC) of the bladder, seven upper tracts TCC and 13 dysplasia of the bladder mucosa. There were 37 false positive and 4 false negative UroVysion results.
The sensitivity and specificity of the UroVysion test was 89.2% and 83.4% respectively. The positive (PPV) and negative predictive value (NPV) was 47.1% and 97.9%. Excluding patients who had positive deletion of chromosome 9, improved the overall results of the screening test: sensitivity 84.6%; specificity 96.4%; PPV 75.9% and NPV 97.9% (Table 2 ).
Discussion
The gold standard for diagnosis of bladder or urothelial cancer is via cystoscope or ureteroscope with biopsy. However, this is invasive and may not be preferred by many patients. The non-invasive diagnostic stool frequently used is urine cytology. While the specificity of urine cytology has been reported to be >90%, the same cannot be said about the sensitivity of the test. The quoted range has been far less encouraging, at 27-80% (Lotan and Roehrborn, 2003) . Besides that, cytology accuracy is also highly dependent upon the skill of the cytopathologist (Sherman et al., 1984; Brown, 2000) . Cytology is useful in detecting high-grade tumours and carcinoma in situ, but not low-grade tumours (Sherman et al., 1984; Van der Poel, 1998) . To increase yield of cytology, at least 3 urine samples should be analyzed. Another shortfall of cytology is the high false positive result following BCG instillation therapy which may complicate cystoscopic surveillance.
FISH allows a detailed view of chromosomal aberrations and, thus, of the number of copies of the chromosomes or specific genes of cancer cells within an otherwise heterogeneous tissue. A few studies have shown promising results for FISH (Schwarz et al., 2008; Volpe et al., 2008) .
When FISH was compared with other diagnostic markers such as bladder tumour antigen (BTA), hemoglobin strips, and telomerase, FISH yielded the highest sensitivity of 81% and specificity of 96% (Halling et al., 2002) . In another study on recurrent transitional cell carcinoma of the urinary bladder, the sensitivity was higher for FISH (71%) compared with the BTA Stat test (50%) and cytology (26%), whereas specificity was 94.5% (Sarosdy et al., 2002) .
BTA test is generally not useful because of its high false-positive rate and low sensitivity for low-grade tumour (Babjuk et al., 2008; Raitanen, 2008) . Similarly, nucleus matrix protein 22 (NMP-22) suffers from high false positive rate but has good negative predictive rate. ImmunoCyt test appears to be the best to detect low grade tumour as it has the highest sensitivity (76-85%) compared to all other tests. However, the positive predictive value of 60% is still inadequate to replace cystoscopy (SchmitzDrager et al., 2007; Mowatt et al., 2010) .
In a recent study on bladder cancer, sensitivity of FISH test was found to be 45% and PPV (positive predictive value) was 16.4% in all and 53.85% and 13.21% in highgrade tumours. Specificity and negative predictive value (NPV) were 96.97% and 99.26% in all bladder tumours (Banek et al., 2012) . In another study by Dimashkieh et al. (2013) comparing cytology and urovision, the overall sensitivity, specificity, positive predictive value, and negative predictive value in detecting UCC were 61.9%, 89.7%, 53.9%, and 92.4%, respectively, for FISH and 29.1%, 96.9%, 64.4%, and 87.5%, respectively, for cytology.
Similarly, our study showed a high specificity and negative predictive value (NPV) of 83.4% and 97.9% respectively. The positive predictive value (PPV) was DOI:http://dx.doi.org/10.7314/APJCP.2013.14.7.4057 FISH for Surveillance of Urothelial Cancers: Can Use of Cystoscopy or Ureteroscopy be Deferred? also similarly low at 47.1% but the sensitivity in contrast was higher at 89.2%. When patients who had positive deletion of chromosome 9 were excluded, the overall results of the screening test improved. Sensitivity was 84.6%; specificity 96.4%; PPV 75.9% and NPV 97.9%.
The current urinary molecular marker tests are not good enough to replace cystoscopy yet UroVysion like cytology may not be good enough for the surveillance of low-grade tumours. However in clinical practice, it is more important that we pick up high-grade tumours early. UroVysion has good sensitivity for high-grade tumours and certainly can be used as an adjunct in the detection or surveillance of urothelial tumour. Currently, UroVysion, ImmunoCyt and NMP-22 appear to be the most useful markers, at least as an adjunct in the detection and surveillance of urothelial cancer (Grossman et al., 2005; 2006; Hajdinjak, 2008; Lotan et al., 2008; Vrooman and Witjes, 2008; Van Rhijn et al., 2009; Mowatt et al., 2010) . Bubendorf and Piaton (2012) in their review, concluded that multi-target UroVysion( ® ) FISH remains an excellent tool to improve diagnosis in urinary cytopathology, provided that FISH results are interpreted in the light of the clinical situation. However, in cases of clearly positive, high-grade cytology, FISH adds no diagnostic value.
In a nutshell, our study has shown that FISH has a very high negative predictive value and the exclusion of positive deletion of chromosome 9, increased the specificity of the test. In other words, those who have negative FISH test results, may not need to undergo immediate cystoscopic or ureteroscopic examination and endoscopic surveillance can be deferred to a longer interval. This will be beneficial in terms of cost and reduce the need for patients to undergo too many invasive procedures.
In conclusion, UroVysion FISH shows a high specificity of detecting urothelial cancer or dysplasia when deletion of chromosome 9 is excluded. A negative test may allow a patient to avoid the trauma of having to undergo cystoscope or ureteroscope which is invasive.
